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= Comeutational cases

m  Submitted data to the workshop

Evaluation of CFD codes and mesh generation method used in APG/JAXA
= Unstructured mesh code, TAS-code
m Structured mesh code, UPACS

Casel Case? Case3

d Code Grid Turb. Model Grid convergence Flap deflection Bracket effect

JAXA Mixed-element Node-

1201 TAS Centered Unstructured SA(mod) O O O

JAXA Multi-block One-to-One
12.02 | UPACS SA(mod) O O —
Structured

m Additional evaluations (Not submitted)

Other unstructured grids provided by committee
m Univ. of Wyoming using VGRID: Casel &Case?2
Unst-Mixed-FromTet-Nodecentered-A-v1
m DLR using Solar: Casel (Coarse & Medium)
Unst-Mixed-Nodecentered-B-v1

Influence of local grid density of flap trailing-edge on flap flow separation
Sensitivity of turbulence model

m Spalart-Allmaras and Menter’s SST
m Spalart-Allmaras with some modifications
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s JAXA multi-block structured grids (Gridgen)
_ I
m  O-O grid topology near the model surface
To guarantee better orthogonality within the boundary layer

m C-O grid topology at outward

FHNZHRMFERN

High dense grid at the corner of wing-body junction

Corner of wing-body [
junction:

O-H grid topology 441 blocks

Medium grid (37M) Fine grid (124M)
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m JAXA mixed-element unstructured grids (MEGG3D) =
K

m Surface grid (Triangles) 1. Tetrahedral
Direct advancing front method employing nearly-isotropic meshing
triangles

m  Volume grid (Tetrahedra, Prisms, Pyramids) _
Delauney (tetra) = insertion of prismatic layer (prism) 2. Inserting

prismatic layer

Corner of wing-body
junction:
Extrude type

Fine grid (72M)
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n ICommittee—provided mixed-element unstructured grids

m  Univ. of Wyoming using VGRID

71 Unst-Mixed-FromTet-Nodecentered-A-v1: Unst-MFTNAv1
m  DLR using Solar

1 Unst-Mixed-Nodecentered-B-v1: Unst-MNBv1

FEHNZMAMRENR
Japan Aerospace Exploration Agency

Comparison of medium qgrids

Wing-body junction: Extrude type

Less prism
at corner

Less flap
resolution

Less grid
nodes

Unst-DLR grid (37M)

Unst-JAXA grid (28M) Unst-Uwyo grid {11M)[i
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s -Numerical methods: UPACS & TAS
_ I

Unstructured

Mesh type Multi-block structured

Discretization Cell-centered finite volume Cell-vertex finite volume
Convection Elux Roe 3rd-order HLLEW 2nd-order with
(without Limiter) Venkatakrishnan’s limiter (K=1)
Time integration Matrix-Free Gauss-Seidel LU-Symmetric Gauss-Seidel
Turbulence model SAmod SAmod

m  Modification to S-A model (SAmod): to supress excessive eddy viscosity after separation
without trip related terms

with a modification to production term: S= mln(\/ZQZ ,\/282)

m Restart from result at lower « to obtain results at higher «
m  Computer Platform: JSS - Fujitsu FX1 (SPARC64 VII 2.5GHz,3008cpu)
Typical computational time (Cps,4~Cp < 2~3 cts.)

Code Grid points # of CPU|CPU Time(H) To_ta ICPU # of Iteration
Time(H)
TAS Medium 28M 73 41 2,993 50,000

UPACS Medium 37M 48 80 3,840 100,000
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= IResults

m Case 1 Grid Convergence Study
m Case 2 Flap Deflection Prediction Study
m Case 3 Flap and Slat Support Effects Study

m Additional evaluations
O Local grid density on flap trailing-edge
O Sensitivity of turbulence model

Casel
Grid convergence
study
Slat & flap setting Config. 1
Slat & flap bracket Not-included
M 0.2
Re 4.3x10°
T [R] 520

AOA [deg] 13, 28
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s Grid convergence of C,
AOA=13deg

2.10
: 1 0.05
m  Good agreement among CFD results on finer . Exp.
r
grids _ _ 00 Dﬁ”‘M Unst-JAXA
m Good correlation about grid converged ' ] :
lutions (C by UPACS on Str-JAXA StrAxA
solutions (Cy ) by on Str- 3 1.95
grid and TAS on Unst-JAXA grid
190 L ~~UPACS, Str-JAXA grid
-0~-TAS, Unst-JAXA grid
m  AOA=13deg 1.85 —Exp.
Mild slope of grid convergence
Good agreement among CFD results, but 1.80
lower C, than Exp. 0.0E+00  1.0E-05  2.0E-05  3.0E-05  4.0E-05  5.0E-05
NA(-2/3)
3.00 | AOA=28deg
m  AOA=28deg 1 0.05
More variations and steeper slope of grid 2.95
convergence
Higher gy ., thai E WS —
igher C . than Exp.
" o gt \ Unst-JAXA
o . I I
—~ Str-JAXA
280 -~UPACS, Str-JA ST
-~-TAS, Unst-JAXA grid
5 75 —Exp.
2.70 A A 1 4\
E+0 1.0-05 2.0§-05 3.04-05 4.0f-05  5.0E-05
NA(-2/3)

N (grid points)=| « || 100M || 32m 11M 6M 4M




Aviation Qrogram Group

s Grid convergence of C,
AOA=13deg

2.10
: 0.05
m  Good agreement among CFD results on finer 5 | - 1
grids | P -
= Good correlation about grid converged 200 T Unst-Uwyo
solutions (Cy (. ,.)) by UPACS on Str-JAXA | o — —
grid and TAS on Unst-JAXA grid -
190 <-UPACS, Str-JAXA grid
-0-TAS, Unst-JAXA gri(_d
- AOA:13deg 185 - z'll;is, Unst-Uwyo grid
Mild slope of grid convergence
Good agreement among CFD results, but 1.80
lower CL than Exp. 0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05 5.0E-05
NA(-2/3)
3.00 | AOA=28deg
m  AOA=28deg 1 0.05
2.95

More variations and steeper slope of grid <72 |7

convergence R —
9 290 |mm

\
Higher C ., than Exp. \B\#

o 2.85
\q Unst-Uwyo

280 |  <rUPACS,Str-JAXA grid
~C-TAS, Unst-JAXAgrid ~
-/~TAS, Unst-Uwyo grid

2.70 1 ﬁ\

E+0 1.0g-05 2.0k-05 3.04-05 4.0F-05 5.0E-05
NA(-2/3)

N (grid points)~| « || 100m || 32m | |[11m | | 6Mm am
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s Grid convergence of C,
AOA=13deg

2.10 1
. 0.05
m  Good agreement among CFD results on finer 5 | -
ri N—oo T
grids _ _ 2;; L Dﬁ—ﬁm Unst-DLR
m Good correlation about grid converged ' o
1 ‘*\
solutions (Cy ) by UPACS on Str-JAXA o | 5 _
grid and TAS on Unst-JAXA grid
1.90 —<+UPACS, Str-JAXA grid
-O-TAS, Unst-JAXA grid
— -/+TAS, Unst-Uwyo grid
m AOA _13deg | 185 T o-TAs, Unst-DLRgrid
Mild slope of grid convergence —Exp.
[ [ [
Good agreement among CFD results, but 1.80 | | |
lower C, than Exp. 0.0E+00  1.0E-05  2.0E-05  3.0E-05  4.0E-05  5.0E-05
N~(-2/3)
3.00 | AOA=28deg
m  AOA=28deg 1 0.05
More variations and steeper slope of grid NS d e
convergence o
_ 2.90 ™
Higher C ., than Exp.
— 85 Unst-DLR
o 4 L
580 || <-UPACS,Str-JAXAgrid \
~-TAS, Unst-JAXA grid SN
~+=TAS, Unst-Uwyo grid .
2.75 17 _5-TAS, Unst-DLR grid
—Exp.
2.70
E+0§ 1.0-05 2.0§-05 3.04-05 4.0f-05  5.0E-05
NA(-2/3)

N (grid points)~| « || 100m || 32m | |[11m | | 6Mm am
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s Grid convergence of C,

0.34 AOA=13deg
Exp.
m Reasonable agreement among CFD results 0.33 E— >
on finer grids at AOA=13 o Unst-JAXA
. T |
m  Good correlation about C by UPACS 0.32 ey i
: D(N—x) DY | strJAxA
on Str-JAXA grid and TAS on Unst-JAXA 8 0.31
grid
030 | --UPACS,Str-JAXA grid
-0-TAS, Unst-JAXA grid @ 1OOCts
m  AOA=13deg 0.29 —Exp.
Mild slope of grid convergence
Good agreement among CFD results, but 0.28
lower C, than Exp. 0.0E+00  1.0E-05  2.0E-05  3.0E-05 4.0E-05  5.0E-05
NA(-2/3)
m  AOA=28deg 0.70 | AOA=28deg
More variations and steeper slope of grid 1 100cts.
convergence 0.69
More scattering among CFD results
_ 0.68 . Exp.
Higher Cp_,. than Exp. —
8 0.67 B\\ﬂ Unst-JAXA
This comparison includes influence of
: : : 0.66 ~-UPACS, Str-JAXA grid
induced drag by difference of predicted C, 0 Tas, UnstAXAgrid
0.65 —Exp.
0.64 A 1 4\
E+0f  1.0§-05 2.0§-05 3.04-05 4.0f-05  5.0E-05
7 NA(-2/3)
N (grid points)=| « || 100M || 32m 11M 6M 4M
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s Grid convergence of C,

0.34 AOA=13deg
m Reasonable agreement among CFD results 0.33 S E—
on finer grids at AOA=13 o/f\ =
: 0.32 =i — |
m  Good correlation about Cp ., by UPACS ' Bt Unst-Uwyo
on Str-JAXA grid and TAS on Unst-JAXA 8 0.31
grid
030 L <+UPACS, Str-JAXA grid
-0~-TAS, Unst-JAXA grid @ 100
A : cts.
=  AOA=13deg 020 || g onertwoend
Mild slope of grid convergence
Good agreement among CFD results, but 0.28
lower C,, than Exp. 0.0E+00  1.0E-05  2.0E-05  3.0E-05  4.0E-05  5.0E-05
N~(-2/3)
m  AOA=28deg 0.70 | AOA=28deg
More variations and steeper slope of grid 1 100cts.
convergence 0.69 |———=— )
More scattering among CFD results 1
Higher C gth Eg 0.68 v | \;
igher Cp .y than Exp.
(N=2) A 067 £ ——— Unst-Uwyo
8 o.
This comparison includes influence of ™ %
i i i 0.66 -~UPACS, Str-JAXA grid
induced drag by difference of predicted C, S s Unstiaxagad
0.65 -+TAS, Unst-Uwyo grid
—Exp.
0.64 A A
E+0§ 1.0-05 2.0§-05 3.04-05 4.0f-05  5.0E-05
NA(-2/3) | 7
N (grid points)=| « || 100M || 32m 11M 6M 4M
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s Grid convergence of C,

0.34 AOA=13deg
m Reasonable agreement among CFD results a3 o A
. . 22 b R Unst-DLR
on finer grids at AOA=13 N—oo il \ 5
e —
= Good correlation about Cp_,.,, by UPACS 0.32 T
on Str-JAXA grid and TAS on Unst-JAXA 8 0.31
grid
030 | -C~UPACS, Str-JAXA grid
-O-TAS, Unst-JAXA grid 1OOCtS
— -/+TAS, Unst-Uwyo grid @ :
= AOA=13deg 023 F| _-TAS, Unst-DLRgrid
Mild slope of grid convergence —Exp.
I I
Good agreement among CFD results, but 0.28 | |
lower C, than Exp. 0.0E+00  1.0E-05 2.0E-05  3.0E-05 4.0E-05  5.0E-05
NA(-2/3)
m  AOA=28deg 0.70 | AOA=28deg
More variations and steeper slope of grid e 1 100cts.
convergence NEQGQ e b
o0 [ = pas
: = o
M_ore scattering of Cp_,,, @among CFD results 08} i \
Higher Cp_,. than Exp. “—— ]| Unst-DLR
3 0.67 ~
: : : : o= N ,
This comparison includes influence of B
: - - 0.66 <~UPACS, Str-JAXA grid
induced drag by difference of predicted C, SN 7as UnstuAXA R
0.65 -/~TAS, Unst-Uwyo grid
-O-TAS, Unst-DLR grid
0.64 A A =
E+0f  1.0§-05 2.0§-05 3.04-05 4.0f-05  5.0E-05
N~(-2/3)
N (grid points)=| « || 100M || 32m 11M 6M 4M




Aviation Qrogram Group

s Grid convergence of Cpprofile |

m  Comparison of idealized profile drag by
subtracting ideal induced drag (=C-
C.2/(PI*AR))

Chinduceq @ccounts for about 90% of C, at
high-lift conditions.

Better linearity of grid convergence
Less scattering among CFD results
Better agreement with experimental results

N (grid points)=| «

5.0E-05

eal
0.08 AOA=13deg |
' —~UPACS, Str-JAXA grid
~<-TAS, Unst-JAXA grid 1 100cts.
0.07 -+TAS, Unst-Uwyo grid
- -O-TAS, Unst-DLR grid
; 0.06 - —Exp. A
E /
E 0.05 :
—
(@]
B 0.04 i
o
0.03
0.02
0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05
NA(-2/3)
0.13 | AOA=28deg
/Q
0.12
_ _ @ 100cts.
g o011
*
z A~
~ 0.10 :
(o]
< P
o 0.09 = s --UPACS, Str-JAXA grid
© = ~~TAS, Unst-JAXA grid
0.08 -/~TAS, Unst-Uwyo grid
-O-TAS, Unst-DLR grid
—Exp.
0.07 A A
E+of  1.0f-05 2.0§-05 3.04-05  4.0F-05
N~(-2/3)
100M || 32M 11M 6M 4M

5.0E-05
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s Grid convergence of Cp, g

AOA=13deg

0.015 ‘
-+UPACS, Str-JAXA grid
m Scattering by grid density is about 5~10cts. ~-TAS, Unst-JAXAgrid
. . 0.014 | -+TAS, Unst-Uwyo grid A
m Scattering among codes and grids on the ~>-TAS, Unst-DLR grid 10cts!
medium or fine grids is within 3 cts. 0013 v
Total Cg Z’.
= ~3200-3400 cts. at AOA=13 0012
= ~6750-6950 cts. at AOA=28
0.011
0.010
0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05 5.0E-05
NA(-2/3)
0.015 | AOA=28deg x x
-0~ UPACS, Str-JAXA grid
~-TAS, Unst-JAXA grid
0.014 -+TAS, Unst-Uwyo grid
-O-TAS, Unst-DLR grid
“_0.013 4IA
o 10cts|.
uo 012 N\D *
0.011 = s
0.010 A A 1
E+0 1.0§-05 2.0§-05 3.04-05 4.0f-05 5.0E-05
NA(-2/3)
N (grid points)=| « || 100M || 32m 11M 6M 4M
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s Grid convergence of Cy

040 | AOA=13deg
m  Similar tendency with results of grid 0.05
convergence of C,
045 11 str-JAXA
m  Good agreement among CFD results on finer = B/EL}___<> Ot IAXA
grids at AOA=13 i
: -0.50 o - i
m  Good correlation about Cy_,.;, by UPACS on Exp. | i?:é ﬁ;iﬁi@ﬁgﬁg‘j
Str-JAXA grid and TAS on Unst-JAXA grid —Exp.
-0.55
= AOA=13deg 0.0E+00  1.0E-05  2.0E-05  3.0E-05  4.0E-05  5.0E-05
Mild slope of grid convergence NA(-2/3)
Good agreement among CFD results, but more  -0.40 | AOA=28deg S IAXA
pitch-up C,, than Exp. / ,
B/? / Unst-JAXA 0.05
= AOA=28deg 045 .
Steeper slope of grid convergence, but better <
agreement with Exp. on finer grids o
-0.50 <~UPACS, Str-JAXA grid
-O-TAS, Unst-JAXA grid
—Exp.
-0.55 A 7, § 1 4\
E+0f  1.0f-05 2.0§-05 3.04-05 4.0f-05  5.0E-05
NA(-2/3)
N (grid points)=| « || 100M || 32m 11M 6M 4M
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s Grid convergence of Cy

m  Similar tendency with results of grid
convergence of C,

m  Good agreement among CFD results on finer =
grids at AOA=13

-0.40

-0.45

AOA=13deg

Unst-Uwyo

0.05

m  Good correlation about Cy_,.;, by UPACS on
Str-JAXA grid and TAS on Unst-JAXA grid
m  AOA=13deg
Mild slope of grid convergence
Good agreement among CFD results, but more
pitch-up C,, than Exp.
m  AOA=28deg
Steeper slope of grid convergence, but better
_ . . =
agreement with Exp. on finer grids o
N (grid points)~

-0.50 -~UPACS, Str-JAXA grid
<~-TAS, Unst-JAXA grid
<+TAS, Unst-Uwyo grid
—Exp.
-0.55 ‘
0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05 5.0E-05
NA(-2/3)
-0.40 | AOA=28deg o
B/j ? / 0.05
e Unst-Uwyo
045 |
-0.50 --UPACS, Str-JAXA grid
-0~-TAS, Unst-JAXA grid
-+TAS, Unst-Uwyo grid
—Exp.
-0.55 A 7, }
E+0 1.0F-05 2.0§-05 3.04-05 4.0§-05 5.0E-05
N~(-2/3)
o || 100M 32M 11M 6M 4M
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s Grid convergence of Cy

AOA=13deg

-0.40
m  Similar tendency with results of grid 0.05
convergence of C,
-0.45 £
A
| Gc_)od agreement among CFD results on finer gN B/Z Z UnstDLR
grids at AOA=13 T M — ‘
_ -0.50 PA -JAXA gri
m  Good correlation about Cy_,.;, by UPACS on i?As CUSr',i_rJ/iXAgﬁzd
Str-JAXA grid and TAS on Unst-JAXA grid ~=TAS, Unst-Uwyo grid
-O-TAS, Unst-DLR grid
—Exp.
-0.55
= AOA=13deg 0.0E+00  1.0E-05  2.0E-05  3.0E-05  4.0E-05  5.0E-05
Mild slope of grid convergence NA(-2/3)
Good agreement among CFD results, but more  -0.40 | AOA=28deg X
pitch-up C,, than Exp. /
B/?% Unst-DLR 0.05
=  AOA=28deg 045 11 o] T
Steeper slope of grid convergence, but better s - e
agreement with Exp. on finer grids o
-0.50 -~UPACS, Str-JAXA grid
-0~-TAS, Unst-JAXA grid
-/~TAS, Unst-Uwyo grid
-O-TAS, Unst-DLR grid
—Exp.
-0.55 A A
E+0 1.0f -05 3.0§-05 4.0f-05  5.0E-05
N~(-2/3)
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B IComearison of oil flow at AOA=13deg

Low sensitivity of grid density to flap flow separation except for Unst-Uwyo grid
UPACS, Str-JAXA grid

TAS, Unst-JAXA grid

TAS, Unst-Uwyo grid

JEH
[t [N

Coarse Medium Fine

TAS, Unst-DLR grid
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Comparison of oll flow at AOA=13deg

TAS, Unst-JAXA grid TAS, Unst-UWyo grid

Low sensitivity of grid density to Decrease of flap flow separation
"flap flow separation "With increasing grid points

Coarse Coarse
Separation region on s -
coarse Unst-JAXA grid 5 coarse U

Medium
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s - Comparison of flow separation on flap(AOA=13, Mediu
_ I

TAS, Unst-JAXA Grid UPACS, Str-JAXA Grid

CFD results show larger flap TE flow separation than Exp.

ke

2.10 : : , : .
Due to larger flap separation by CFD
2.05 : |
EXp.
Flap leading-edge 2.00: ~
3 1.95
1.90 <+UPACS, Str-JAXA grid
--TAS, Unst-JAXA grid
L -+~TAS, Unst-Uwyo grid
85 19 —TAS, Unst-DLR grid
- —Exp.
Flap trailing-edge 1.80 : : :
0.0E+00  1.0E-05  2.0E-05  3.0E-05  4.0E-05  5.0E-05

alpha-uncorrected = 12 de

NA(-2/3)

Exp. (Tuft image)




Comparison of oll flow at AOA=13deg

..h
*Flap SOB flow separation only on Str-JAXA grid
Low sensitive of grid density

UPACS, Str-JAXA grid

TAS, Unst-JAXA grid

L

TAS, Unst-Uwyo grid

L

TAS, Unst-DLR grid

L

L))

/

\_

Coarse

Medium

Fine
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n IComparison of flap SOB separation(AOA=13, Medium)

= Flap SOB flow separation by UPACS | TAS, Unst-JAXA Grid
shows better agreement with Exp.

FEHNZMAMRENR
Jagan Aerospace Exploration Agency

alpha-uncorrected = 12 deg
alpha-corrected ~ 15.5 deg

EXp.

Due to difference of corner grid density?
Str-JAXA grid is extremely fine at the corner by
the grid topology even for coarse Str-JAXA grid.
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B IComearison of oil flow at AOA=28deg

Decrease of flap flow separation and flap SOB separation at AOA=28
UPACS, Str-JAXA grid

FEHNZMAMRENR
Jagan Aerospace Exploration Agency

TAS, Unst-JAXA grid

TAS, Unst-Uwyo| Larger flow separation on coarse and medium
grids due to coarse grid resolution on the flap

Comparable to other results

TAS, Unst-DLR grid

Coarse Medium Fine
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s «Comparison of grid convergence at AOA=28

FHNZHRMFERN

3.00 -0.40 -
i0.0S / UPACS, Str-JAXA grid
2% B/? / TAS, Unst-JAXA grid
590 EL"“E -0.45 J@/
. \\ TAS, UnISt-JAXAglnd s
280 |  =rUPACS,str-JA] UPACS, Str-JAXA grid 050 - —~UPACS, Str-JAXA grid
--TAS, Unst-JAXAgrid ~~TAS, Unst-JAXA grid
—Exp.
2.75 X0 0.05 —Exp.
2.70 -0.55
0.0E+00  1.0E-05  2.0E-05 3.0E-05 4.0E-05  5.0E-05 0.0E+00  1.0E-05  2.0E-05 3.0E-05 4.0E-05  5.0E-05
NA(-2/3) NA(-2/3)

QL QM

m UPACS on Str-JAXA grid shows relatively higher sensitivity of grid
resolution at AOA=28.
Why ?
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m Py @nd Iso-surface with -0.01%U, ;. at AOA=28

m  Grid spreading ratio on Str-JAXA grid is larger in the wing tip vortex regions.
m Loss of Ptis larger and onset of breakdown of tip vortices is earlier on coarse Str-JAXA grid.
m  Results by UPACS on Str-JAXA show higher grid sensitivity.
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g Load distribution in the span-wise at AOA=28
_ I

Larger loss of Pt and earlier onset of breakdown of wing tip vortices
— Less lift near the wing tip regions

35r
E Total
3.0F e
25F A
L | Main \
5 2.0F S
o -
S| N
* 15E Fine . . .
O lor Medium ‘\T « Major change appears only near wing tip
i Coarse
10F » Load increases with higher grid resolution
E Slat
0.5 = ¢
[ | Flap
B e
0.0 IR — — . ..L*).
0 20 40 60 80 100
Wing Root n [%] Wing Tip

UPACS Str-JAXA grid at AOA=28
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N ILoad distribution in the span-wise at AOA=28

Larger loss of Pt and earlier onset of breakdown of wing tip vortices
— Less lift near the wing tip regi1

FEHNAZHRMRERN

Ref. Comparison of wing tip flow with realistic aircraft model
Trap wing: Full-span slat and flap, simplified wing tip

3.5

Trap wing (TAS, C,=2.88)

Total

;

3.0 x

2.5 _ \\X
N

29.’ 2.0:
ST -
- — ine
O 1'5: —— Medium y
! Coarse JAXA HLD Research Model, JSM (TAS, C,=2.89) ip
1.0
E Slat
0.5 =
| | Flap
ook o N
0 20 40 60 80
Wing Root n [%] EV' |

UPACS Str-JAXA grid at AOA=] Less Pt loss
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s Observations in Casel
_ I

m AOA=13
Importance of prediction of flow separation over flap

Tendency to show lower C, y_,., and higher pitch-up
Cunoe) than Exp. due to larger flow separation

m AOA=28

Importance of prediction of tip vortex behavior
although difference among codes and grids will
decrease with finer grids



Config. 8

\

Config. 1

deflection [deg]

slat flap

|
m Case 2 Flap Deflection Prediction Study
|
|
Case?2
Flap deflection
prediction study
Slat & flap setting  Config. 1 and Config. 8
Slat & flap bracket Not-included
M 0.2
Re 4.3x10°
T [R] 520
AOA [deq] 6, 13, 21, 28, 32, 34, 37

Config. 1 0 25
Config. 8 20
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IComearlson of oil flow at AOA=13deg

FEHNZMAMRENR
Japan Aerospace Exploration Agency

UPACS, Str-JAXA grid TAS, Unst-JAXA grid TAS, Unst-Uwyo grid

Config. 1 Wlth 25deq flap

Decrease of flow separation on flap

Qﬁg

Config. 8 with 20deq flap
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Flap deflection effect of AC, (=Config.1 — Config.8)

FHNZHRMFERN

m Results for Config. 8 show less differences among
codes and grids. 3.0 . ‘
) Lt
AOA=13 [| Config.1 N \\
-
m Config. 1 5 Ny 25
Lower C_ 7 “ \\
H J
= Config. 8 s ;}_{, .
Reasonable agreement with Exp. Config.8 \
0 —{}— Exp.Conf1 L
—O>— EXp.Confd
— Less ACL effect than EXp. I= —0— U);F:ACCS)?Str-JAXAGrid).Conf1 L]
1.5 p ——— UPACS(Str-JAXA Grid).Conf8
A ——{J— TAS(Unst-JAXA Grid}).Conf1
—O—— TAS(Unst-JAXA Grid).Conf8
o TAS(Unst-MFTNAv1 Grid}.Conf1l |...|
O TAS(Unst-MFTNAv1 Grid}.Conf8 | |
15 20 25 30 35 40
o
1 EXp.
1 Str-JAXA
Unst-JAXA —0— EEZE%?Q%%}?EG;;%C%MECofnfs
': ] nst- nd). _on 1-Conf8
D UnSt-UwyO "‘“fll:Iﬂ, 1 q TAS(Unst-MFTNAv1 Grid).Conf1-Conf8
re = ": "
15 20 25 30 35 40
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s «Flap deflection effect of AC, (=Config.1 — Config.8)
_ I

FHNZHRMFERN
apan A Exploration Agency

m Results for Config. 8 show less differences among
codes and grids. 3.0 = :
AOA=28 | Config.1 | 1~ Neil 2 : \\
= Config.1 5 : N 2
Reasonable agreement with Exp. 4 7090 \
. g P & -.//I;y R 4 \
m Config. 8 Hof |
Lower C, ﬁ C/{nflg.8 \
Difference of C,-slope between Config.1 R 4 Exh.Gonts | L
and Config.8 at high AOA was not capturéd. 5 UPACo I IAXA ardyooni [
A TAS(Unst-JAXA Gr!d).Conﬁ
— More AC, effect than Exp. O TASUnMETNA GrdConit | |
& TAS(Unst-MFTNAv1 Grid).Conf8 | |

10/ 15 20 25 30 35 40

08
1 EXp.
1 Str-JAXA
_ —O— Exp.Confi-Coni8
Unst-JAXA —0— U)I;r:‘\Cgr(IStr-J(.,AnXA Grid).Conf-Conf8
—— TAS(Unst-JAXA Grid).Conf1-Cont8

] Unst-Uwyo &, O  TAS(Unst-MFTNAv1 Grid).Confi-Coni8

- o 3= —

0

., =T g
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a «Flap deflection effect of AC,, (=Config.1 — Config.8)
_ I

m Similar tendency with C, 50 .
Results for Config. 8 show less x P
differences among codes and grids. & \
I \ "8
AOA=13 i E ILI }‘, Config.8
Under-predict AC,, S TR
Conflgl | M —— Eis:cg:fs
“L b —0— UPACS(Str-JAXAGr!d).Conﬁ
——— UPACS(Str-JAXA Grid).Coni8
AOA=28 1.5 _ —0— ;:gggns:jﬁﬁgrgg;.gong
Over-predict AC,, h*% S Tasnsrirmia crd.cont
’ et e
18.55 -0.50 -0.4?39 -0.40 -0.35 -0.30 -0.25 -0.20
CM
0.00 mmms
0.02 s )
9-0.04 e T
-0.06 D—j ol ’.-;ﬁ'ﬂfx?tr‘ —0— E’;'t\?;g’('g;ﬂ‘j{;?; Grid).Conf1-Conf8
O TAS(UnstMFTNAVT Grdh Contr-Confa

008959520 25 30 35 40
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s Observations in Case?
_ I

m Config.8 shows less flap separation and wingtip vortices
due to lower flap deflection.

— Less sensitivity among codes and grid density

m Prediction accuracy of effectiveness of flap deflection

AOA=13

m Based on the prediction accuracy of Config.1, where the flap flow
separation becomes larger

AOA=28

m Based on the prediction accuracy of difference of C -slope between
Config.1 and Config.8 at high AOA (especially for Config. 8)
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|
|
m Case 3 Flap and Slat Support Effects Study
|
O
O
Case3
Flap and slat support
effects study
Slat & flap setting Config. 1
Slat & flap bracket Modeled
M 0.2
Re 4.3x10°
T [R] 520

AOA [deg] 13, 28




Avlatlan@r gram Group

= IComearlson of oil flow and P,

Slat brackets have influence on the flap flow separation

At AOA=28, stagnatlon on
Local flow separatio the lower surface locates,: o

0 99
Lo
0.96

Dlsturbed wake flow from slat
Upper surface Lower surface brackets is larger at AOA=28
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s = Comparison of Cp with/without brackets at AOA=28
_ I

12.0¢ | | |
. . -11.0 Medium, wio brackets, TAS(Unst-JAXA Grid) [
m  Computational results with brackets 100F8 o Modium, wi brackes, TAS(UnstJAXA Gri) | |
show better agreement of Cp with Exp. 28
about flap separation. ob IR
.-6.0F L
© 50k i & X%
-5.0 I I i -4.0F %
[ Medium, wio brackets, TAS(Unst-JAXA Grid) -3.0F
- Medium, w/ brackets, TAS(Unst-JAXA Grid) 20k N |
| [t a Exp. | ] - & BN

] o 1" P———— A

I / 30 40 XSO/%/ 70
-3.0 /
g | w/o brackets 30 T
| q:' | Medium, w/o brackets, TAS(Unst-JAXA Grid)
Medium, w/ brackets, TAS(Unst-JAXA Grid)
'20 i i m] Exp.

[ : Wﬁx 2.0} w/o brackets
1.0} i N L
[ w/ brackets >-1.0f f@ \n w/ brackets

o -10

I R RN R E [ a

00— %0 40 =0 0 ! MNoalo o J
Y 0.0_
Cp distributions in the spanwise on the upper ; |
surface of flap near the leading-edge ; L%n___,____——)
165860 62 64 66 68 70
X

Cp at 50% semi-span location
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n FIaE and slat suEEort effect of C,, C,,, Cp

m Flap and slat support effect

Larger effect at AOA=28 — Change of C -aslope
m C, decrease
m Pitch-up C,,
m C,increase at constant C_
C, decrease at same AOA due to decrease of Cp,q,ceq @Ccording to C, decrease

FHNZHRMFERN

However, support effect shows a tendency to move away from EXxp. results.

— Results without brackets at medium size may be still not good enough.

More extensive investigation with grid refinement study will be required for
guantitative agreement with Exp.

3.0 3.0 OOC o 3.0

] oy
<5 = : T 300 f 0.1 o
238 _T o) Z 28 T f—p 238 »T >
i o f O 2 i £ B /9
. | /
0.2 AR 25 /| wio brackets | 0-4 \ e
26 f o / 26
é / | ! I .
=) - I 5 -
S oy 2 w/ brackets [ ¢,]
) e ) 5
2.2 H |
22 Exp.Confl H I l Exp.Confl 22 Exp.Conf
7 =8 et i S mecane 7 =2 PR
2.0 =\ — H |
20} /Q? N | ﬁU. 2 20 7&
; ; ; ; 0ot o ; i ; ; ;
10 15 20 25 30 18 0.5 -0.45 -0.4 -0.35 -0.3 0.3 0.4 0.5 0.6 07
o Cu C,



- IA¥4
* 300 | AOA=28deg

-0.40 | AOA=28deg \
|- 1 0.05 Medium / /

. | Medium / 0:05
2,90k J
EXxp.
3 2.85
280 L ~~UPACS, Str-JAXA grid -0.50 ~~UPACS, Str-JAXA grid
~-TAS, Unst-JAXA grlt_ﬂ N ~~TAS, Unst-JAXA grid
575 | <= TAS, Unst-Uwyo grid ~-TAS, Unst-Uwyo grid
: -O-TAS, Unst-DLR grid -O-TAS, Unst-DLR grid
—Exp. —Exp.
2.70 1 ‘ : A== ‘
0.0e+00 1.0e-05 Grid convergence of C, and C,, at AOA=28 without brackets A0E-05  5.0E-05
NA(-2/3) ! NA(-2/3)

— Results without brackets at medium size may be still not good enough.

More extensive investigation with grid refinement study will be required for
guantitative agreement with Exp.

3.0 3.0 ‘_;O:an - — 3.0
[ 5 > [ b= N ‘ 0.1 o
~ ;:)/O O’ A\ . r‘c
2.8 * 2 74 2.8 4 g VAR sl > L.
0.2 1 Z 0.2 1\ o / 0.2 0 P
ol 26 W § /| w/o brackets R o
26 f ) / 26
é / 1 ! ! .
= o i 5 — ;' B
S 4 4 S w/ brackets 9, Vi
of - ? / | o7
2.2 I
22 Exp.Confl H I Exp.Confl 22 Exp.Conf
e =8 et i =8 et 5 =2 PR
2.0 ~\ g B
20 /g? | | fU. ) 20 7&
; ; ; ; 0ot ; ; i ; ; ;
10 15 20 25 30 18 0.5 -0.45 -0.4 -0.35 -0.3 0.3 0.4 0.5 0.6 07
o Cu C,
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m Case 1 Grid Convergence Study
m Case 2 Flap Deflection Prediction Study

m Case 3 Flap and Slat Support Effects Study

m Additional evaluations
O Local grid density on flap trailing-edge

1 Sensitivity of turbulence model
m Spalart-Allmaras and Menter’s SST
m Spalart-Allmaras with some modifications
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= ISensitivitx studx of turbulence models

m Menter's SST k- model: Unst-JAXA coarse grid

m Variations of Spalart-Alimaras with some modifications: Str-JAXA medium grid
7 SA

1 SAmod (baseline model in JAXA’s computations): To reduce excessive eddy viscosity in

the regions with high-vorticity after flow separation OrVorticity € '
= without trip related terms :Vorticity, S :Strain rate

= with a modification to production term S :Q+min0, S —Q)

1 SAnl: To reduce excessive corner flow separation

= SAmod with simplified constitutive relation effect of anisotropy of Reynolds stress
P.R. Spalart / Int. J. Heat and Fluid Flow 21 (2000) 252-263.

akU' _aUk
X ¢, =03
Jou.oU, ™

Tij is the Reynolds stress given by linear models.

FHNZHRMFERN

Tij =T _Cnll|_QKZ_-jk +Ojkz_-ikJ Ok =

1360 uﬁu EXpl 3 @ ’
. (PIV) : —
x =g Decrease of corner
v 8 g %, .
B B P SA ~ LY flow separation
\L 230 g—
NASA CRM = )
"\ ! @ M, = 0.85
U, =30m/s Re = 5x108
re-oxios | oAMod | Bt
Lei, Z., Trans of JSASS, Vol. 48, Nov. 2005, pp. 150-160. Yamamoto, K., Tanaka, K., Murayama, M., AIAA Paper 2010-4222
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s o Variations of Spalart-Allmaras with some modifications

m SA

1 Less flap flow separation

1 Higher eddy viscosity in the cove and slat/wing wake

1 Smaller vortex breakdown regions of wing-tip vortices at AOA=28 due to higher eddy viscosity
= SAn|

1 More flap flow separation
1 The mo

FEHNZMAMRENR
Japan Aerospace Exploration Agency

AOA=13deg | |




= IComearison with SST k-0 model

m SST model shows much larger flow separation on the flap.

AOA=13deg
SA, Str-JAXA SAmod, Str-JAXA SAnl, Str-JAXA
SAmod, Unst-JAXA SST, Unst-JAXA

Largest flap flow separation
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s = Comparison of C, with different turbulence models
I

m  SST model shows the largest variation from SAmod (AC, )

SA: AC, = +0.01 (+0.5%C,)
m Less flap flow separation at AOA=13
m Less vortex breakdown of wing-tip vortices at AOA=28

SAnl: AC, =-0.03 (-1.5%C,)
m  More flap flow separation at AOA=13

3.0 —()>— Exp.
—{1+— UPACS.Med.SAmod _
- UPACS.Med.SA :
— {>— UPACS.Med.SAnNI
—{J— TAS.Crs.SAmod
-+ TAS.Crs.S8T

SST: AC, = -0.08 (-4%C,) at AOA=13 28
m  More flap flow separation at AOA=13

' '. 1 1 'I 1 1 1
1 v
|

-

Applicability and characteristics of |
turbulence models for complicated high- ©
lift flows should be further investigated.

2.4
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- Summarx

m Casel: Grid convergence study
Computational results showed reasonable agreement with each other on the fine grids.
m  Especially, results by Str-JAXA and Unst-JAXA showed good correlation.

To predict flap flow separation and tip vortex behavior were important for Trap Wing.

= Computations at AOA=13 showed lower C,_,., and higher pitch-up Cy_,., than Exp. due to larger flap flow
separation.

m Case2: Flap deflection prediction study
Computations for Config.8 showed less sensitivity among codes and grids due to less flap
separation and wingtip vortices by lower flap deflection.
Prediction accuracy of effectiveness of flap deflection angle is mainly based on the followings;

m  AOA=13: Based on the prediction accuracy of Config.1, where the flap flow separation becomes larger

»  AOA=28: Based on the prediction accuracy of difference of C -slope between Config.1 and Config.8 at high
AOA (especially for Config. 8)

m Case3: Flap and slat support study
Computational results reproduced the influence of support reasonably, however, support effect
showed a tendency to move away from Exp.
m  Results without brackets may be still not good enough.
m  More extensive investigation with grid refinement study will be required.

m  Additional evaluations
Grid resolution on the trailing-edge was important for the flap separation.
m Four cells are required at least.

Sensitivity of turbulence models was shown.
m  SST showed relatively larger variations and lower C, by 4%C, at AOA=13.
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s . Future work
_ I

m Further grid convergence study
Config. 8
Config. 1 w/ bracket

CLmax
Extra-fine

m Turbulence model

Influence of boundary layer transition from laminar to turb. on flap flow separation at
AOA=13

Systematic evaluation of applicability and characteristics of models
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s ~Comparison of grids

FEHNZMAMRENR
Japan Aerospace Exploration Agency

—~ 150 —_ 1.5
e e

2 ® Coarse 2 = Coarse

= = Medium = ¥ Medium

(%] —+— .

é 100 " Fine e 10 = Fine

o o

c £

& &

8 =0 8 o5

<

8 g

E £

Q o

£ 0 - et S 00 - Unst

= nst- ‘= nst-

S Str-JAXA Unst-JAXA Wyoming Unst-DLR 3 Str-JAXA Unst-JAXA Wyoming Unst-DLR
B Coarse 11 12 4 12 B Coarse 0.14 0.43 0.13 0.34
B Medium 37 28 11 37 B Medium 0.31 0.72 0.28 0.71
 Fine 124 72 32 111 ¥ Fine 0.7 1.27 0.68 1.48

Comparison of volume grid cells/nodes Comparison of surface grid faces/nodes

EA) \

Unst-DLR

e
A
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Grid conv. of CL compo.
_ I

AOA=13deg

0.20
3 015 S 7
010 “FUPACS, Str-JAXA grid
<~TAS, Unst-JAXAgrid
BOdy 0.05 +<TAS, Unst-Uwyo grid
[
0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05 5.0E-05
NA(-2/3)
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[REQSSCAS -z A
Slat | gos ‘T
010 “FUPACS, Str-JAXA grid
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0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05 5.0E-05
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Grid conv. of CM compo. *

Body

Slat

AOA=13deg

Wing

Flap

o ROt e e |
0.00 UPACS, Str-JAXA grid
<~TAS, Unst-JAXA grid
7+TAS, Unst-Uwyo grid
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Grid conv. of CD compo.
_ I

AOA=13deg
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m Case 1 Grid Convergence Study
m Case 2 Flap Deflection Prediction Study
m Case 3 Flap and Slat Support Effects Study

m Additional evaluations
1 Local grid density on flap trailing-edge
O Sensitivity of turbulence model

Investigation of influence of local grid density near flap
trailing-edge on the flap flow separation at AOA=13

FENZHRHRRN
Japan Aerospace Exporation Agency
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edge

Influence of local grid density near flap trailing

Investigation of influence of local grid density near flap trailing-edge on the

flap flow separation at AOA
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Aviation Qrugram Group

= IComearison of oll flow at AOA=13

m  Result with only one-cell on the trailing-edge show less flow separation on the flap.
m The other results show good agreement with each other.
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Aviation Qrugram Group

B Comearison of C| -alpha

m  Result with only one-cell on the trailing-edge shows higher lift due to less flow separation
on the flap.

m The other results show good agreement with each other.
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For the prediction of the flap flow separation,
Four cells are required on the flap trailing-edge at least.
Isotropy of surface triangles are not essential and moderate anisotropic triangles are acceptable.
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m End of backup slides




